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COMPOSITIONS AND METHODS FOR ENH ANCED BINDING 
IN BIOLOniCAL ASSAYS 

Background of the Invention 

This invention relates to methods and 
compositions for use in performing qualitative and 
quantitative chemical assays, for example of 
5 biologically active molecules. In particular, the 

present invention relates to methods and compositions 
for preparation of assay systems, particularly those 
including a solid phase. 

Immobilization of biomolecules has played a 

10 pivotal role in the development of bioanalytical 

systems. Traditional enzyme immunoassay (EIA) relies 
on the immobilization of either antigen or antibody to 
a solid phase (typically, a polystyrene 96 well 
microtiter plate or a polystyrene bead) • This 

15 immobilization is accomplished by utilizing the 
tendency of such plastics to bind proteins 
nonspecifically. While not fully xuiderstood, it is 
believed that such nonspecific binding involves 
primarily hydrophobic interactions. These tend to 

20 denature protein ligands. Further, the lack of site 

specificity inherent in this mechanism necessarily 
leads to the potential blocking of some sites of 
interaction with ligands of actual or potential 
interest. 
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The demand for increas d sensitivity in 
assays has led to the development of several different 
plastic formulations that have an increased capacity 
to bind various proteins, and in particular 
5 immunoglobulins. For example, polystyrene can be 

aminated by treatment with nitric acid, followed by 
reduction. Once chemically activated, these groups 
CcUi form covalent bonds with immunoglobulins. The 
lack of antigen binding enhancement found with such 

10 activated polystyrenes suggests that a significant 
denatxiration of the antibody still occudts. As an 
alternative, a coating for polystyrene consisting of a 
random copolymer of lysine and phenylalanine has been 
proposed. After coating, the lysine side chains were 

15 treated with excess pentane-l,5*dial to produce 

reactive aldehyde groups. A large increase in antigen 
binding activity was found using polystyrene matrices 
coated in this manner. Nonetheless, the expense of 
the polymer, the time required to produce an effective 

20 coating, and the lack of site specificity in the 

coupling chemistry limit its utility [Wood, W.G. and 
Gadow, A. , J. Clin. Chem. Clin. Biochem. 21, 789-797 
(1983)]. 

Other strategies for increasing the amoimt 
25 of fimctional IgG on the solid phase have included the 
\ise of covalently immobilized IgG binding proteins for 
binding the IgG of interest [Kakcibakos, S.E. et al., 
J. Innnunol. Methods 127 , 147-148 (1990)]. 
Pretreatment of the coating IgG with low pH, followed 
30 by nonspecific binding to scrupulously cleetned 

polystyrene [Kakabakos, S.E. et al^, Clin. Chem. 36/3, 
497-500 (1990)] or acrylonitrile-butadienestyrene 
[Kakabakos, S.E. et al., Clin. Chem. 36/3 . 492-496 
(1990)] has also been explored. Additionally, several 
35 investigators have utilized activated hydrophobic 
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moieties [Ampon and M ans* (1988)] or fluorocarbons 
[Eveleigh*; Kobos and Eveleigh*] to covalently modify 
proteins and enhance their binding to hydrophobic 
surfaces and Teflon, respectively. None of these 
5 approaches, however, has been entirely successful. 

It has heretofore been reported that 
oxidized immunoglobulins can form st£d>le covalent 
bonds, at specific sites that do not affect 
antigen/antibody interaction, with hydrazide groups 

10 [O'Shannessy, D.J. and Hoffman, W.L*, Biotech. Applied 

Biochem. 9, 488-496 (1987); O'Shannessy, D.J. and 
Quarles, R.H., J. Immunol. Methods 99, 153-161 (1987); 
Hoffman, W.L. and O'Shannessy, D. J. , J. Immunol. 
Methods 112, 113-120 (1988); Cress, M.C. and Ngo, 

15 T.T., Amer. Biotech. Lab. 7(2), 16-19 (1989)]. 

In spite of the advances achieved to date, 
there remains a need for techniques which permit the 
purification of compositions of chemical and 
biological interest by exploiting the advantages 

20 inherent in using a solid phase while minimizing the 
degree of nonspecific binding. 

It is therefore an object of the present 
invention to provide methods and compositions which 
may be employed in conjunction with solid phase 

25 materials with a wire range of ligands for use in 
qualitative and quEUititative assays. 
Summary of the Invention 

In accordance with the present invention, to 
generate a nximber of functional binding sites 

30 available for bi.;4ding of suitable ligands for use in 
assay methods involving solid phase materials while 
reducing undesired nonspecific binding of target 
molecules to the solid phase, water-soluble compounds 
(both monomers and polymers) including hydrophobic 

35 moieties that bind tightly to, e.g., the plastics 
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commonly used as solid phas s are exploited. These 
compounds further carry reactive functional groups 
(e.g./ hydrazide or 2-(N-methylpyridyl) groups) which 
form stable covalent bonds with ligands at specific 
5 sites on the ligands (for example, the oligosaccharide 
components of immunoglobulins) that do not affect 
interaction of the ligand with the target molecule. 

In particular, the present inventions 
provides for a class of novel reagents of the general 
10 formiaa (R"-)x ^ (--X)y, 

wherein R** represents a hydrophobic moiety which 

develops substantial nonspecific 
interactions with a hydrophobic material, 
such as solid phase materials heretofore 
15 employed in assay methods; 

A is an organic spacer group; 
X represents a reactive group to be 
used in coupling a ligand for use in the 
particular assay method contemplated; and 
20 each of x and y is an integer from 1 to 

about 1300. 

In one preferred embodiment, the organic spacer group 
is a polymer which may accommodate a plurality of 
hydrophobic r" groups and reactive groups (i.e., x 

25 cind/or y >1) • In a further preferred embodiment, the 
reactive group is a hydrazide or 2-(N-methylpyridyl) 
group for use in coupling an antibody or antigen as 
heretofore employed in conventional immunoassay 
procedures . 

30 Brief Description of the Drawings 

Fig. 1 illustrates the binding of 
horseradish peroxidase (HRP) to untreated (N) and 
oxidized (Ox) IgG specific for HRP applied to 
microtiter plates variously coated with inventive and 

35 control compositions. 
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Figs. 2A - 2G compare the levels of binding 
of HRP to normal and oxidized IgG specific for HRP on 
medium and high binding microtiter plates which are 
either uncoated or coated with a composition in 
5 accordance with the instant invention. 

Fig. 3 compares the levels of binding of HRP 
with coated polystyrene beads using no IgG, xinoxidized 
IgG and oxidized IgG specific for HRP. 

Figs. 4A and 4B compare the levels of 
0 binding of HRP with uncoated and coated polyethylene 
(Fig. 4 A) and polystyrene (Fig. 4B) beads and with 
unoxidized and oxidized IgG. 

Fig. 5 compares the levels of HRP binding to 
oxidized and unoxidized IgG bound to polystyrene 
5 microtiter plates which are untreated or coated with 
various derivatives of poly aery 1 amide emd polyaci^iic 
acid. 

Fig. 6 illustrates the levels of BSA binding 
to microtiter plates treated with activated 

0 polyvinylalcohol treated with various concentrations 
of phenylhydrazine. 

Fig. 7 illustrates the levels of binding of 
S-galactosidase to polystyrene microtiter plates which 
are provided with PVA-MP and PVA-PBA-MP coatings. 

5 Fig. 8 illustrates the levels of binding of 

B-galactosidase to untreated tissue culture plates and 
plates treated with polyvinyl alcohol-methylpyridone 
and polyvinyl alcohol-phenylbutylamine-methylpyridone 
conjugates. 

0 Fig. 9 illustrates the overall synthetic 

route for preparation of dextran-phenyl-dithiopyridine 
and dextran-phenyl maleimide conjugates. 

Fig. 10 illustrates the levels of 6- 
galactosidase activity observed on polystyrene 

;5 microtiter plates which are either untreated or coated 



wo 92/03732 



PCr/US91/05764 



6 

with dextran-phenyl-dithiopyridine or dextran-phenyl 
maleimide conjugates* 

Fig. 11 illustrates the levels of binding of 
rabbit anti-HRP on polystyrene microtiter plates which 
5 are untreated or coated with dextr£m-aldehyde and 
dextran-phenyl -aldehyde con j ugat es . 

Fig. 12 illustrates the levels of HRP 
binding to rabbit antiperoxidase on polystyrene 
microtiter plates which are untreated or coated with 
10 dextran-aldehyde cind dextran-phenyl aldehyde 
conjugates. 

Fig. 13 illustrates the levels of HRP 
binding to rabbit anti-peroxidase on polystyrene 
microtiter plates which are untreated or coated with 
15 dextrem-phenyl-NHS ester. 

Fig. 14 illustrates the overall synthetic 
route for preparation of fetuin-hydirazide cuid 
dinitrophenyl-fetuin-hydrazide conjugates. 

Fig. 15 illustrates the levels of binding of 
20 peroxidase to untreated microtiter plates and to 

oxidized or imtreated rabbit antiperoxidase on plates 
coated with fetuin-hydrazide and dinitrophenyl-fetuin- 
hydrazide conjugates. 

Fig. 16 illustrates the overall synthetic 
25 route for preparation of monomeric hydrophobe- 
hydrazide conjugates. 

Fig. 17 illustrates the levels of peroxidase 
binding activity to oxidized rabbit antiperoxidase on 
microtiter plates which are untreated or coated with 
30 monomeric hydrophobe-hydrazide conjugates. 
Detailed Description of the Invention 

Pursuant to the present invention^ many of 
the problems encountered employing, for example, solid 
phase materials such as polystyrene microtiter plates 
35 or beads in assay methods are substantially obviated. 
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The desired coating material is provided in a hybrid 
form as a combination of (1) one or more hydrophobic 
moieties designed to maximize and therefore stabilize 
the nonspecific binding of the coating material with 
5 the solid phase materials, and (2) reactive groups 

capable of forming stable covalent bonds with ligand 
of interest in a specific manner. Thus, the ligands 
are firmly attached to the solid phase via the coating 
materials. Furthermore, any effects of nonspecific 

10 (e.g., hydrophobic) interactions on the properties of 
the doating materials with the solid phase minimize or 
eliminated the nonspecific binding of ligands to the 
solid phase. The nonspecific binding sites of the 
solid phase material are preferentially occupied by 

15 the hydrophobic moieties of the coating material, 

while the reactive group is stibstantially free from 
interfering interactions with the hydrophobic 
materials and thus can react more readily with a 
particular ligand. 

20 In order to optimize the orientation of the 

ligand away from the hydrophobic material, a suitable 
spacer group is generally interposed between the 
reactive group and the hydrophobic moiety. This 
spacer serves the purpose of effectively establishing 

25 two domains in the molecule: a hydrophobic domain 
which interacts with the hydrophobic materials 
(primarily, through nonspecific binding mechanisms) ; 
and a reactive group-presenting domain, which permits 
the binding to specific site(s) of the ligand in 

30 readily-accessible form. In those instances where the 
ligand itself is substantially water-soluble and 
provides one or more functional groups for attachment 
cf the hydrophobic moiety at some distance from the 
binding site(s), the spacer/reactive group combination 

35 may comprise a simple bifunctional molecule which 
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permits attachment of the hydrophobic moiety directly 
to the reactive group • For example, a dihydrazide 
(such as adipic dihydrazide) may be used to connect a 
hydrophobic aldehyde with a water-soluble ligand with 
5 available aldehyde groups (e«g., a polysaccharide 
wherein at least one vicinal diol group has been 
oxidized to the dialdehyde form) » In other cases, the 
spacer may additionally serve the purpose of imparting 
to the molecule as a whole the property of water 

10 solubility. Because the attachment to the solid phase 

cind the presentation of the reactive group to the 
target molecule effectively requires that the molecxile 
comprise both a hydrophobic domain (for binding to 
what may be considered the hydrophobic solid phase) 

15 emd a hydrophilic domain (for binding the ligand via 
the reactive group and subsequently, the target 
molecule to the ligand during the coxirse of the assay 
typically carried out in aqueous solution) , it is 
important that the reactive group itself or the 

20 coHibination of reactive group with the spacer molecule 

exhibits a sufficient difference in hydrophobic 
character such that an orientation of the molecule to 
present the reactive group (or any ligcuid subsequently 
attached thereto) may be effected. 

25 Depending on the nature of the spacer and 

the ligand(s), a wide variety of reactive groups may 
suitcQ>ly be employed in accordance with the present 
invention. Representative reactive groups include the 
following: hydrazide, H-methylpyridyl , tresyl, 

30 aldehyde, haloacetyl, active esters of carboxylic 
acids, maleimido, imidate, epoxide, thiol, and 
dicarbonyl [Means, G.E. and Feeney, R.E.^ Bioconjugate 
Chem. 1, 2-12 (1990)]. Other reactive groups which 
may be employed in conjvinction with a specific ligand 

35 or type of ligand as would be apparent to those of 
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skill in the art are also contemplated as within the 
scope of the present invention. 

In accordance with one preferred embodiment 
of the invention, the spacer group comprises a 
5 sxibstantially water-soluble polymeric backbone to 
which a plurality of hydrophobic moieties and a 
plurality of reactive groups may be attached. 
Suitably, the polymeric backbone contains a plurality 
of aldehyde functions (or functional groups which may 

10 be converted to aldehydes). These aldehydes may be 

obtained by oxidation of carbohydrates; alternatively, 
chemical grafting methods may be employed to provide 
suitable starting materials. Both 2-fluoro-l- 
methylpyridinium salt activated hydroxyl groups and 

15 active esters of carboxylic acid have also been used. 

Hydrophobic moieties (e.g., aromatic residues such as 
phenyl or naphthyl) , for example using the 
corresponding hydrazides, may then be reacted with 
some of the free aldehyde ftmctions to form the 

20 corresponding hydrazones. In an analogous manner, 
attachment of suitable ligand to the polymeric' 
material by reaction with other free aldehydes (for 
example, via a reactive group-hydrazine intermediate 
or by reaction of the polymeric material with a 

25 dihydrazide followed by addition of suitable ligand) 
may also be effected. 

In accordance with one preferred embodiment 
of the present invention, the ligand comprises a 
biologically active molecule containing one or more 

30 carbohydrate residues which may be oxidized to provide 
aldehyde groups for reaction with free hydrazide 
groups. Such biologically active materials include 
glycoproteins , polysaccharides , glycolipids , 
ribonucleic acid (RNA) and deoxyribonucleic acid 

35 (DNA) . Particixlarly preferred for purpos s of the 
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pres nt invention are imnunoglobulins, which have been 
extensively e^jploited in a wide variety of immunoassay 
methods. The Immunoglobulins are oriented away from 
the solid medium through nonspecific binding of a 
5 hydrophobic residue connected to the immunoglobulin 

via its carbohydrate residue. 

In accordamce with a preferred embodiment of 
the invention, aldehyde-dextran is employed as a 
suitable polymeric material to which both the 

10 hydrophobic residues and reactive groups are attached 
through conventional hydrazide chemistry. Other 
polymers, such as hydrolyzed polyacrylamide, 
polyacrylic acid, polyvinyl alcohol, and polypeptides, 
may also be used. Whereas the direct reaction of a 

15 reactive dihydrazide (e.g., adipic dihydrazide) tends 
to result in the formation of insoliible products 
(prob£d>ly due to crosslinking) , the addition of small 
amounts of hydrophobic hydrazides to the dihydrazide 
reaction laixture tends to inhibit crosslinking, 

20 permitting a longer reaction time and a more complete 
reaction. Measurement of hydrazide concentration 
indicate that there is an average of one hydrazide 
group for eveiry 2.5 glucose subunits in the exemplary 
dextran polymers, which is an extremely high degree of 

25 substitution. 

Pursuant to this preferred embodiment of the 
invention, there is a large increase in antigen 
binding capacity when compared to uncoated matrices 
(i.e., matrices wherein the immvmoglobulin is bound 

30 directly by nonspecific interactions) , using oxidized 
IgG. The IgG is immobilized in the preferred 
orientation by reaction with the free hydrazides on 
the polymeric material. As the polymers are designed 
to bind to th solid phase by hydrophobic 
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interactions, hydrazide groups may b placed on a 
variety of plastics quickly and easily by adsorption. 

Particular advantages of this embodiment of 
the invention include the following: (1) an increase 
5 in binding capacity of the coated solid phase; (2) the 
coating procedure is simple, mild and not damaging to 
the surface of the solid phase; and (3) nonspecific 
binding of unmodified IgG is greatly reduced when high 
binding solid phase formulations (e.g., high binding 

10 polystyrene plates or beads) are coated with the novel 
polymeric materials. Thus, the inventive compositions 
can be used simultaneously to increase the cimount of 
antigen captured and to block the high degree of 
nonspecific binding of antigen which currently limits 

15 the use of high binding microtiter plates in 
immunoassay methods. 

The use of polymers to introduce hydrazine 
groups onto solid phase materials allows the site- 
specific immobilization of a wide range of other 

20 oxidized glycoproteins and polysaccharide antigens. 

Antigens that do not contain aldehyde groups could be 
immobilized using surfaces activated by coating with 
hydrazide-containing polymers followed by reaction 
with suitable crosslinkers (e.g. , dialdehydes) . 

25 Alternatively, antigens could be biotinylated and then 
immobilized by pretreating the solid phase with a 
dextran-adipic acid hydrazide coating emd oxidized 
avidin (a glycoprotein) . Polymers that bind tightly 
to plastics and form covalent bonds with the 

30 nucleophilic groups of proteins (e.g., -amino or 
SH groups) are also contemplated. 

The invention will be better understood 
by reference to the following examples which are 
intended for purposes of illustration and are not to 

35 be construed as in any way limiting the scope of the 
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present invention, which is d fined in the claims 
appended hereto. 

EXAMPLES 

As employed in the following examples, 
5 dextran (MW « 20 kD) , rabbit anti-horseradish 

peroxidase, and horseradish peroxidase were purchased 
from the Sigma Chemical Company. Sodiim meta- 
periodate, adipic acid dihydrazide, phenylhydrazine, 
and sodium borohydride were purchased from the Fluka 

10 Chemical Company. 1-Naphthalene-acethydrazide was 

purchased from Lancaster Synthesis Ltd. An AvidChrom 
cartridge containing immobilized natural Protein A and 
5 ml desalting cartridges were from BioProbe 
International, Inc. Microtiter plates were obtained 

15 from Costar (polystyrene) , Dynatech (polystyrene) , 

Falcon (polyvinylchloride) , and Nunc (polystyrene) . 
Polystyrene beads were obtained from the Precision 
Plastic Ball Company (0.25 inch) and Hybritech (0.31 
inch); linear polyethylene beads (0.25 inch) were 

20 obtained from the Precision Plastic Ball Company* 

Example 1 

Preparation of the Soluble Polymeric Hvdrazide fSPH) 
Aldehyde-dextran was prepared by gradually 
adding dry sodium meta-periodate to a 10% solution of 

25 dextran (in 50 mM acetate buffer, pH 5.0) with rapid 

stirring over 15 minutes to give a final concentration 
of 0.56 M periodate. An ice bath was used to maintain 
the temperature of the reaction mixture at 25 •C for 
the first 30 minutes of the reaction, after which the 

30 mixture was placed in the dark. After 6 hours the 
reaction was terminated by adding excess ethylene 
glycol and dialyzing against 50 mM acetate buffer (pH 
5.0). 

Dextran-adipic hydrazide (D-HZ) was produced 
35 by diluting this aldehyde-dextran to 5 mg ml'^ in 
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acetate buff r and adding it slowly to an equivalen 
volume of 50 mg ml'' adipic acid dihydrazide in acetate 
buffer with rapid stirring. After 6 hours at 25 'C, 
the reaction was terminated by raising the pH to 9.5 
5 with 10 N NaOH. 

Dextran-adipic hydrazide containing 
hydrophobic groups was prepared in a similar manner; 
the aldehyde dextrein was added slowly to adipic acid 
dihydrazide rphenylhydrazine (500:1) or adipic acid 

10 dihydrazide :napthaleneacethydrazide (25:1) in acetate 
buffer, liapthaleneacethydrazide was dissolved in a 
small volume of dimethyl sulfoxide prior to use. This 
reaction was terminated after 16 hours at 25 'C by 
raising the pH to 9.5. Unless otherwise noted the 

15 polymer was treated with excess sodium borohydride for 
16 hours at 25 'C to reduce Schiff bases and residual 
aldehyde groups. After reducing the pH to 3 for l 
hour to eliminate residual HaBH^, the polymers were 
dialyzed extensively against 50 mM carbonate buffer 

20 (pH 9.5) to recover the respective dextran-phenyl- 

adipic hydrazide (D-P-HZ) and dextran-naphthyl-adipic 
hydrazide (D-N-HZ) products. 

Hydrazide content was estimated by mixing 25 
/il of a 1 mg ml"' solution of the polymer with 1 ml of 

25 trinitrobenzene-sulfonic acid (10 mg ml"' in 50 mM 

carbonate, pH 9.5), incubating for 1 hour at 25 'C in 
the dark, and measuring the absorbance at 500 nm (S^oom 
= 15,600 AU M'^cm"') . 
Example 2 

30 Enhancement of loG Binding to Coat ed Microtiter Plates 

The dextran-adipic hydrazide polymers 
prepared in accordance with the method of Example 1 
were applied to various matrices in 50 mM carbonate 
buff r (100 /il per well in this example or 1 ml per 

35 bead in Example 3). After 30 minutes to 16 hours at 
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37 "C the solid phase was washed 3 tim s, 5 minutes per 
wash, with deionized water (200 /il per well in this 
example or 3 ml per bead in Example 3) . 

IgG was isolated from fractionated 
5 rabbit antiserum specific for horseradish peroxidase 
using Protein A-Fractogel according to the 
memufacturer's directions. This was dialyzed against 
50 inM acetate, pH 5.0, then oxidized by adding a 1/10 
volume of freshly prepared 100 mM sodium meta- 

10 periodate in acetate buffer and incubating for 30 
minutes at 25 *C in the jdark. The reaction was 
terminated by adding excess ethylene glycol (10 /il 
ml"^) and either dialyzing the reaction mixture against 
acetate buffer or using a 5 ml desalting cartridge. 

15 Human IgG was oxidized in a similar maimer. 

Either untreated or oxidized IgG was then 
applied in acetate buffer. After 16 hours at 5°C the 
solid phase was washed with 100 mM Tris + 0.1% Tween- 
20 (pH 7.5, wash buffer), then blocked by adding 10 mg 

20 ml'^ BSA in wash buffer (blocking buffer). After 15 
minutes the blocking buffer was removed emd HRP 
applied in blocking buffer (100 fil per well or 1 ml 
per bead) ; after 1 hour at 25 the matrix was again 
washed with washing buffer and a commercial 

25 tetramethylbenzidine (TMB) substrate mixtiire added. 
After 5 minutes at 25 'C the reaction was stopped 
either by pipetting the substrate from the matrix or 
by adding 2.5 M ILjSO^ to a final concentration of 0.5 
H. The absorbance was then measured at 650 nm or 450 

30 nm, respectively. 

As shown in Fig. 1, coating polystyrene 
microtiter plates with dextran-adipic hydrazide 
polymers at all concentrations strongly enhances the 
binding of HRP by immobilized oxidized antibody to 

35 HRP. The assays were performed using Nunc Maxisorb 
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(polystyren ) microtiter plat s and rabbit anti-HRP 
diluted 1:9 with human IgG at a final concentration of 
50 Mg IgG in a volxme of 100 im per well- HRP was 
applied at 1 fig. Oxidized IgG is indicated by open 
5 points, untreated IgG by filled points. The dextran 
coatings in this experiment were not reduced with 
sodium borohydride. All values are the means of 
triplicate wells. 

As is apparent from Fig. 1, there is a 

10 defined concentration of soluble polymeric hydrazide 
which gives optimal binding activity of the 
immobilized antibody. At high coating concentrations 
the binding of oxidized IgG is reduced, probably due 
to layering of the polymer coating. The simplest 

15 polymer coating, dextran-adipic hydrazide, shows a 

sharp drop in oxidized IgG binding at low (< 50 fig per 
ml) concentrations. This effect is not seen with 
dextran-adipic hydrazide polymers that contain 
hydrophobic groups. The optimal coating concentration 

20 for dextran-adipic hydrazide was chosen as 200 fig ml"^; 

the optimal concentration for dextran-adipic hydrazide 
with hydrophobic groups was chosen as 100 ^g ml"\ 
Figs. 2A - 2F illustrate the results of 
tests to deteraine the degree of enhancement of IgG 

25 binding achieved pursuant to the present invention. 
Figs. 2A and 2B illustrate the results using Nunc 
General Purpose (Medium binding) and Maxisorb™ 
(High Binding) Polystyrene Microtiter plates, 
respectively. Figs. 2C and 2D illustrate the results 

30 using Dynatech Immulon 1™ (Medium binding) and Immulon 
2™ (High binding) Polystyrene Microtiter plates, 
respectively. Figs. 2E and 2F illustrate the results 
using Costar Medium Binding and High Binding 
Polystyrene Microtiter plates, respect iv ly. Fig. 2G 

35 illustrates the results using Falcon Microtest III™ 
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Polyvinylchl rid Micr titer plates. 

In all of the comparisons reported in Figs, 
dextran-phenyl-adipic hydrazide (100 /ig per ml 
in 50 xoM cctrbonate, pH 9.5) was applied at 100 ^1 
5 well and incubated for 30 minutes at 37 'C. After 
thorough washing with deionized water, 100 til of 
either oxidized or unoxidized rabbit IgG specific for 
horseradish peroxidase (diluted 1:9 with normal IgG) 
was applied in 50 nM acetate (pH 5.0) at the indicated 

10 concentrations eind incubated for 16 hours at 5*C. 

After washing and blocking (as previously described), 
a large excess of HRP (100 ^1 of 10 /xg per ml) was 
applied in blocking buffer. After washing (as 
previously described) , bound HRP activity was measured 

15 using a commercial TMB svibstrate mixture and E^SO^. 

The values reported represent the means of triplicate 
experiments. 

As shown in Figs. 2A though 2F, both medium 
binding (Figs. 2A, 2C, and 2E) and high binding (Figs. 

20 2B, 2D, and 2F) polystyrene microtiter plates coated 

with the dextran'-phenyl-adipic hydrazide polymer and 
oxidized rcibbit anti-HRP show greatly enhanced binding 
of the antigen compared to luicoated plates and coated 
plates treated with unoxidized IgG. Coating of high 

25 binding polystyrene formulations- reduced the binding 
of unmodified IgG; this effect was not significant 
with medium binding formulations. Flexible 
polyvinylchloride microtiter plates (Fig. 2G) show an 
enhaoicement of antigen binding capacity similar to 

30 that observed for high binding polystyrene 
formulations. 
Example 3 

Enhancement of laG Binding to Coated Beads 

Dextran-phenyl-adipic hydrazide (100 fxg per 
35 ml in 50 mM carbonate, pH 9.5) prepared in accordcince 
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with the method of Example 1 was applied to 
polystyrene and polyethylene beads at 1 ml per bead 
and incubated for 30 minutes at 37 'C. After thorough 
washing with deionized water 1 ml per bead of either 
5 oxidized or unoxidized rabbit IgG specific for 

horseradish peroxidase (diluted 1:9 with normal IgG) 
was applied in 50 mM acetate (pH 5.0) at the 
concentrations indicated in Figs. 3, 4A and 4B and 
incubated for 16 hoxirs at 5'C. After washing and 
10 blocking (as previously described) , bound HRP activity 
was "measured using a commercial TMB substrate mixture. 
The reaction was stopped by removal of the bead. The 
values reported represent the means of triplicate 
experiments. 

15 Fig. 3 reports the results obtained using 

coated Precision Ball Polystyrene beads and HRP only, 
and HRP with unoxidized IgG or oxidized IgG. Figs. 4A 
and 4B report the results using both oxidized and 
unoxidized IgG with coated and uncoated Hybritech 

20 Polystyrene (Fig. 4A) and Precision Ball Polyethylene 

(Fig. 4B) beads, respectively. 

Polystyrene beads coated with the dextran-.. 
phenyl-adipic hydrazide polymer and oxidized antibody 
show a greatly increased ability to bind antigen 

25 (Pigs. 3 and 4A) . Coated beads reacted with oxidized 
anti-HRP typically bound «4 times more HRP than 
uncoated beads or coated beads treated with unoxidized 
IgG. Similarly, coated linear polyethylfc.ie beads 
reacted with oxidized IgG boimd approximately twice as 

30 much antigen as either uncoated beads or coated beads 
treated with unoxidized IgG (Fig. 4B) . 
Example 4 

Enhancement of laG Binding t o Polvstvrene Microtiter 
Plates Coated with Modified Polvac rvlamide and 
35 Polyacrvlic Acid 
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Nvinc General Purpose (Mediiim Binding) 
Hicrotiter plates were coated with 100 /il of 100 fig 
per ml of adipic hydrazide labeled polyacrylamide or 
polyacrylic acid in 50 slH sodium carbonate (pH 9.5) 
5 for 30 minutes at 37 "C. After washing with ionized 
water three times for a duration of 5 minutes per 
wash, the plates were treated with rcibbit anti- 
horseradish peroxidase and assayed for peroxidase 
binding as described in Example 2» Little change in 
10 antigen binding activity is seen on the addition of 

hydrophobic groups to the polymer; presumably, this is 
due to the very hydrophobic nature of the polymeric 
backbones. 

The results of these assays are shown in the 
15 foana of a pictogram (Fig. 5) and are reported in Teible 
1. The entries in Fig. 5 and Table 1 represent the 
following: 

A: Polymeric coating material prepared by 
reacting 14 inH polyacrylic acid (PAA; 
20 MW = 100 kD) with 140 mM adipic acid 

dihydrazide (ADH) in the presence of 
ethyldimethylaminopropylcarbodiimide 
(EDC) at pH 4.5-5.5 for 16 hours at 
room temperature; 
25 B: Polymeric coating material prepared as 

in A with addition of 0.3 mM 
phenylhydrazine to the mixtvire [PAA + 
ADH:phenylhydrazine (50:1) + EDC]; 
C: Polymeric coating material prepared as 
30 in but with 3.0 mM phenylhydrazine; 

D: Polymeric coating material prepared as 
in A, using hydrolyzed poly aery lamide 
(PAM; 200 kD) [PAM + ADH + EDC] ; 
E: Polymeric coating material prepared as 
35 in C, using hydrolyzed polyacrylamide 
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(200 kD) [PAM + ADHtphenylhydrazine 
(50:1) + ADC]; and 
F: Untreated plate. 
In Table 1, peroxidase binding is expressed as a 
percentage of the maxinivm observed binding. 

TABLE 1 

Pnlymer Hnovidized laG Oxidized IqG 

A 13.96% 100.00% 

B 10.70% 93.76% 

C , 13.93% 96.88% 

D 12.97% 85.54% 



15 E 

none 



13.11% 78.31% 
9.74% 14.08% 



Rnhancemeni-- of Dextyan-Hvdr a ^.ide Binding Stability by 
Addition of Hydrophobi c Groups 

Dextran-Hydrazide (D-HZ) and Dextran- 
Phenylhydrazide (D-P-HZ; D-P-HZ:ADH = 1:500) prepared 
according to Example 1 were coated onto a polystyrene 
microtiter plate as in Example 2 . The samples were 
then treated for 1 hour at room temperature with 
varying concentrations of Tween-20. After washing six 
times with deionized water, the plates were treated 
with oxidized rabbit anti-HRP and HRP as previously 
described to evaluated antigen binding capacity. The 
polymer carrying hydrophobic groups (i.e., D-P-HZ) 
showed greater resistance to detergent treatment, 
indicating that the addition of hydrophobic groups 
stabilizes binding of the polymer to polystyrene. HRP 
binding is reported in Table 2 as a percentage of the 
meucimum observed binding activity. 
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TABLE 2 

[Tween-20],% D-HZ coated D-Phe-HZ 

5 plates coated plates 

10.00 26.91% 66.74% 

5.00 29.98% 86.21% 

2.50 38.07% 82.28% 

10 1.25 .42.67% 93.00% 

0.63 48.25% 98.03% 

0.31 82.39% 100.00% 



15 ^ - . , , 

In a further sequence of comparisons, 
dextrem-phenylhydrazides prepared as in Example 1 in 
the presence of varying concentrations of 

20 phenylhydrazine were coated onto polystyrene 

microtiter plates as in Example 2. Half of the wells 
were then treated with 100 nl of 1% Tween-20 for one 
hour at room temperature. After washing six times with 
deionized water, the plates were treated with oxidized 

25 rsJDbit anti-HRP and HRP as previously described to 

evaluate cmtigen binding capacity. Optimal resistance 
to detergent treatment (and, presum£a>ly, maximum 
steUaility of the polymer: polystyrene interaction) is 
seen at a phenylhydrazine concentration in the 

30 starting materials of 30 /iM; nonetheless, as reported 
in TcJ3le 3, far lower concentrations of 
phenylhydrazine also markedly improve stcibility. HRP 
binding is reported as a percentage of the maximum 
observed binding activity. 



35 
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TABLE 3 



rPhenvlhvdT-azidel .uM No D etergent 3J — Tween-20 



0 

300 
30 

3 



3 
3 



0.3 
0.03 

10 * 



36.70% 
92.45% 
93.62% 
97.34% 
88.83% 
91.70% 
94.15% 
100.00% 



12.66% 
49.26% 
52.23% 
48.94% 
46.38% 
41.60% 
44.04% 
44.79% 



Example 6 

Rnhancement of Antiaen Bindi ng Capacity of Polystyrene 

20 Microtlter Plate bv Coati ng with 2-Fluoro~a- 

Methvlpvrjdiniim Activated Polwinvlalcohol 

Polyvinylalcohol (PVA; 100 kD) was dissolved 
in dimethylsulf oxide (DMSO) at 10 mg per ml and 
activated with 130 mM 2-fluoro-l-methylpyridinium 

25 toluene sulfonate (FMP) in the presence of 145 mM 

triethylamine (TEA) for two hoxirs at room temperature. 
The product was precipitated with 8 voltimes of acetone 
to give the activated PVA-MP. This was redissolved in 
DMSO and reacted with various concentrations of 

30 phenylhydrazine in the presence of 100 inM TEA to yield 
PVA-P-HZ. These polymers were dissolved in 10 mM 
phosphoric acid and coated onto polystyrene microtiter 
plates at various concentrations for 30 minutes at 
room temperature. The places were then treated tfith 

35 50 ng per ml rabbit anti-HRP (diluted 1:10 in normal 
rabbit Ig6) in aO mM bicarbonate for 1 hour at room 
temperature and KRP binding was evaluated as 
previously described. As is apparent from Fig. 6, 
coating of th plate with FMP-activated 

40 polyvinylalcohol markedly enhanced the binding of IgG. 
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PVA-MP derivatives with ph nylhydrazine showed even 
greater enhancement of IgG binding; the optimal 
phenylhydrazine concentration was determined to be 0.1 
mM. The broad range of phenylhydrazine concentrations 
5 that enhance the binding of IgG probably reflect the 
balance between enhanced stability of the polymer 
binding to the plastic eind the consiimption of active 
groups. 
Example 7 

10 Binding of B-Galactosidase to 2-Fluoro-l- 

Methylpyridinium-Activated Polyvinyl Alcohol 
Polyvinyl alcohol (100 kD) was activated 
with 2-Fluoro-l-Methylpyridinium and triethylamine as 
in Example 6 to give polyvinylalcohol-methylpyridone 

15 (PVA-MP) . Phenylbutylamine derivatives of this 

polymer (PVA-PBA--MP) were prepared by dissolving PVA- 
MP in emhydrous DMSO containing 10 mM triethylamine at 
10 mg per ml and adding phenylbutylamine to give a 
final concentration of 1 mM. After a 16 hour 

20 incubation at 25 'C most of the solvent was removed by 
heating the reaction mixture to 50* C in a vacuum of 25 
inches of Hg for 4 hours. 

PVA-MP and PVA-PBA-MP in DMSO at 10 mg per 
ml were mixed with 1:10 with 10 mM phosphoric acid. 

25 This was serially diluted in phosphoric acid and 
applied to microtiter plates at 100 /tl per well. 
After a 30 minute incubation at 25 "C, the wells were 
rinsed 3 times, 5 minutes each with phosphoric acid 
(200 Ml per well) . Freshly reduced B-galactosidase 

30 (25 /ig per ml in 50 mM phosphate, pH 7.5) was then 

applied at 100 /il per well. After a 2 hour incubation 
at 25 "C, the wells were rinsed 3 times, 5 minutes 
each, with 100 mM Tris + 0.05% Tween-20, pH 7.5 (200 
til per well) . 200 /il of 5mM o-nitrophenyl-B-EH 

35 galactopyranoside was then applied to each well and 
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th enzyme activity monitored kinetically at 405 nm 
for 15 minutes. Both the PVA-MP and PVA-PBA-MP 
coatings markedly enhance the binding of B- 
galactosidase to polystyrene microtiter plates, as 
5 illustrated in Fig. 7. This demonstrates that 2- 

fluoro-l-methylpyridinium-activated coating materials 
are suitable for enhemcing the binding of thiol- 
containing compoxinds to solid phases. 
•Rvam ple 8 

10 fietivation of Tissue Cultur e Plates with Polyvinyl 

A1 cohoi-Methvlpyridone and PolwinY^ Alcohol - 
Phenvlbutvl aTaine-M ethvlovr idone and 

Binding of B-Galactosidase 
Polyvinyl alcohol (100 kD) was activated 

15 with 2-Fluoro-l-Methylpyridinium and triethylamine as 
in Example 6 to give polyvinylalcohol-methylpyridone 
(PVA-MP). Phenylbutylamine derivatives of this 
polymer (PVA-PBA-MP) were prepared by dissolving PVA- 
MP in anhydrous UUSO containing 10 mM triethylamine at 

20 10 mg per ml and adding phenylbutylamine to give a 
final concentration of 1 fM. After a 16 hoxir 
incubation at 25 'C most of the solvent was removed by 
heating the reaction mixture to 50 •€ in a vacuum of 25 
inches of Hg for 4 hours. 

25 2.5 ml of the conjugates (100 fig per ml in 

10 mM phosphoric acid) were placed in Coming 
polystyrene tissue culture plates (2.5 cm). After a 
30 minute incubation at 25 'C the plates were washed 3 
times, 5 minutes each, with 5 ml of phosphoric acid to 

30 remove unboiand conjugate. The plates were then 

treated with 2.5 ml of B-galactosidase (25 ng per ml 
in 50 mM phosphate, pH 7.5) and incubated for 1 hour 
at 25 "C. The plates were then washed 3 times, 5 
minutes each, with phophat buffer to remove unbound 

35 6-galactosidase and 5 ml of 5 mM o-nitrophenyl-B-D- 
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galactopyranoside in phosphate buffer was added to 
measure enzyme activity. After 5 minutes the reaction 
was halted by pipetting the substrate mixture from the 
plates and the optical density at 405 nm was measured. 
5 As illustrated in Fig. 8, tissue culture plates 

treated with the conjugates bound significantly (10- 
20 fold) more 6-galactosidase than untreated plates, 
demonstrating that both polyvinyl alcohol- 
methylpyridone and polyvinyl alcohol-phenylbutylamine- 
10 methylpyridone can effectively activate these solid 
phases. They are therefore useful for the 
immobilization of known or suspected cell attachment 
factors to plastic tissue culture devices. 
Example 9 

15 Immobilization of Protein A on Porex^ Using 

Polyvinyl Alcohol-Phenvlhydrazine- 
Methylpyridone and Binding of Sertrni laG 
Porex™ filter material was cut into 25 mm 
disks and placed in filter holders. Polyvinyl 
20 alcohol**phenylhydrazine-methylpyridone was prepared as 
in Example 6. The polymer was dissolved at 1 mg per 
ml in 10 mM phosphoric acid and passed through a 25 mm 
Porex disk at approximately 1 ml per ndnute for 1 
hour. The Porex™ disks was then rinsed with 25 ml of 
25 phosphoric acid to remove unbound polyvinyl alcohol- 
phenylhydraz ine-methy Ipyr idone . 

Protein A (1 mg per ml in 50 mM bicctrbonate, 
pH 8.5) was circulated through activated and control 
Porex™ disks for 16 hours at room temperature at 
30 approximately 1 ml per minute. The disks were then 
rinsed with 25 ml of 10 mM phosphate + 150 mM NaCl 
(PBS, pH 7.4) followed by 25 ml of 100 mM acetate (pH 
3.0) and an additional 25 ml of PBS to remove unbound 
protein A. Human serum was diluted 1:3 with PBS and 
35 20 ml was applied to each Porex™ disk at approximately 
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1 ml p r min while monitoring the absorbance of the 
effluent at 280 nm. After rinsing with PBS until no 
fvirther UV absorbing material was apparent, the disk 
was treated with 100 mM acetate, pH 3.0. , to elute any 
5 bound IgG. Porex that had not been activated showed 
only a small, nonspecific DV peak, indicating only a 
small amount of IgG binding activity. The polyvinyl 
alcohol-phenylhydrazine-methylpyridone treated Porex™ 
subsequently reacted with protein A eluted a distinct 

10 UV absorbing peak upon treatment with acetate buffer. 
This indicates that these polymers can be used to 
inroduce active groups onto macroporous hydrophobic 
matrices, and that these matrices can be subsequently 
used for affinity chromatography on an analytical 

15 scale. 

Example 10 

Pi-Apai-ation and Appleiati ot> of Dextran-Phenvl- 
nithiopvridine and Dextran-Phenvl Ma leimide Conjugates 
Dextran was oxidized with MalO^ as described 

20 in Example 1 and dialyzed against 50 mM NeiHCO, pH 8.5. 
This dextran-aldehyde was incubated with a 10 fold 
molar excess of phenylhydrazine and a 1000 fold molar 
excess of dieuninohexane for 16 Hours at 25 'C. The pH 
of the reaction mixture was then raised to 10 using 10 

25 N NaOH and a 100 fold molar excess of NaBH^ was added 

to reduce Schif f bases and r^aining aldehyde groups 
to secondary amines and hydroxyls, respectively. An 
additional aliquot of NaBH^ was added after 1 hour and 
the reaction stopped after 1 hour by adjusting the pH 

30 to 3 with 6 N HCl. The resulting dextran-phenyl-amine 
(2 mg per ml) was dialyzed against 50 mM HEPES (pH 7) 
and a 1/10 volxime of either 10 mM 3-(2-pyridyldithio) 
propionic acid N-hydroxysuccinimide ester (SPDP) in 
DMSO or 10 mM succinimidyl 4-(N-maleimidomethyl) 

35 cyclohexane-l-carboxylat (SMCC) in DMSO was added and 
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allowed to react f r 16 h urs at 25 "C. The overall 
synth tic routes are d picted in Fig. 9. 

The polymers described above were serially 
diluted in HEPES buffer and applied to polystyrene 
5 microtiter plates at 100 fil per well. After a 30 
minute incubation at 25 *C the plates were washed 3 
times, 5 minutes each, with deionized water and a ICQ 
Ml of fi-galactosidase (25 M9 per ml in HEFES) were 
added to the wells. After an 1 hour incubation at 

10 25*0, the plates were washed 3 times, 5 minutes each, 
with 100 mH Tris (pH 7.5) + 0.05% Tween-20 to remove 
unbound fi-galactosidase and the bound B-galactosidase 
activity metasured by adding 200 /il of 5 mM o- 
nitrophenyl-B-D-galactopyranoside in PBS (10 m!i 

15 phosphate + 150 mM NaCl, pH 7.5) to the wells and 

measuring the absorbance at 450 nm after 10 minutes. 
As illustrated in Fig. 10, wells coated with the 
thiol-reactive polymers show significantly increased 
binding of B-galactosidase (as shown by increased 

20 enzyme activity) over uncoated wells in a 

concentration dependent meinner. This demonstrates 
that dithiopyridine and maleimide groups are suitably 
and conveniently introduced to solid phases by using 
the polymeric conjugates. The lower enzyme activity 

25 observed at high concentrations of the coatings is 

probably due to layering of the polymers, resulting in 
stacking and/or destcibilization of the coating. 
Example 11 

Preparation and Applciation of Dextran-Aldehvde 
30 and Dextran-Phenvl-Aldehvde Conjugates 

Dextran-aldehyde was prepared by the 
oxidation of dextran (20 kD) with NalO^ as described in 
Example 1. Dextran-phenyl-aldehyde was prepared from 
dext3ran-aldehyde by reaction with a 10 fold molar 
35 excess of phenylhydrazine for 1 hour and dialyzing 
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against 100 mM HEPES, pH 7*5, to remove excess 
phenylhydrazine . 

The polymeric aldehydes were serially 
diluted into wells of polystyrene microtiter plates 
5 (100 til per well) ; after a 30 minute incubation at 

25 "C the plates were rinsed with deionized water (200 
Ml per well) for 5 minutes and 100 til of rabbit anti- 
HRP (diluted 1:10 with nonspecific rabbit IgG, 50/ig 
per ml in 10 mM phosphate + 150 mM NaCl [PBS], pH 7,4) 

10 were added to the wells. After a 1 hour incubation at 
25*C ^50 Ml of 75 mM NaCNBH^ in PBS was added to the 
wells to reduce Schiff bases to stable secondary 
amines; after 30 minutes the plates werewashed to 
remove unbound antiperoxidase and tested for 

15 peroxidase binding activity as described in Example 2. 
stability of the coatings was measured by inctibating 
coated wells in 100 /il of PBS for 30 minutes at 25 'C 
followed by an additional set of deionized water 
washes; the results are illiist rated in Pig* 11. Wells 

20 were then treated with rabbit antiperoxidase and 

NaCNBH3 as described above and tested for peroxidase 
binding capactity as in Example 2* The results of 
these tests are depicted in Fig» 12, wherein D- 
aldehyde = dextran-aldehyde , D-Phealdehyde = dextran- 

25 phenyl-aldehyde. Wells treated with polymeric 

aldehydes bound significantly more IgG, as determined 
by the degree of antigen (peroxidase) binding, than 
untreated wells. This demosntrates that these 
polymers are a suitable and convenient means for the 

30 introduction of reactive aldehyde groups to solid 
phases. Dex->ran-aldehy^ oinds well to the 
polystyrene, probably due to the hydrophobic nature of 
the polymer; dextran-phenyl-aldehyde gives slightly 
less IgG binding than dextran-aldehyde, probably due 

35 to consumption of active groups. The dextran-phenyl- 
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aldehyde shows enhanced binding stability* The 
decrease in IgG binding seen at high polymer 
concentrations is probably due to layering and 
resulting destabilization of the coating material. 

5 

TABLE 4 

Coating % of Maximum Binding 

10 None 20% 

Dextran-Aldehyde 49% 
Dextran-Phenyl- Aldehyde 1 0 0 % 

Example 12 

Preparatidri and Application of Dextran-Phenyl- 

15 Aminocaoroic Acid-N-Hvdroxvsuccinimide Ester 

A dextran-phenyl-aminocaproic acid conjugate 
was prepared by oxidizing dextrem with NalO^ in acetate 
buffer as described in Example 1 and incubating the 
oxidized dextran with eguimolar phenylhydrazine and a 

20 100 fold molar excess of e-suainocaproic acid in 50 mM 

acetate buffer (pH 5) for 6 hours at 25 'C. The 
resulting Schiff bases emd remaining aldehyde groups 
were reduced by adjusting the pH to 10 with 10 N NaOH 
and incubating with a 10 fold excess of NaBH^ was 

25 added. After 1 hour at 25 'C, an additional 10 fold 
excess of NaBH^ was added. After 1 hour at 25 'C, the 
mixture was acidified with 6 N HCl to remove residual 
NaBH^ and then dialysed exhaustively against deionized 
water to remove buffer salts and unreacted compounds. 

30 The resulting dextran^phenyl-aminocaproic acid was 
lyophilized and redissolved in anhydrous dimethyl 
sulfoxide, then treated with a 2 fold molar excess of 
N-hydroxysuccinimide (NHS) and l-ethyl-3-(3- 
dimethylamino-propyl ) carbodiiiaide hydrochloride . 

35 After 2 hours at 25 most of the solvent was 

evaporate in vacuo at 50 to give a 20 mg per lal 
solution. 
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Dextrem-ph nyl-aminocaproic acid-N- 
Hydroxysuccinimide ester conjugate in DMSO was 
serially diluted in lOmM phosphoric acid for 
application to microtiter plates (100 ^1 per well) . 
5 After a 30 minute incubation at 25 "C the plates were 
washed with deionized water (200 Ml per well) for 5 
minutes and rabbit anti-peroxidase (diluted 1:10 with 
nonspecific rabbit IgG, 50 ng per ml) applied in 100 
mM HEPES (pH 7.5, 100 fil per well). After a 2 hour 

10 incubation at 25 'C, the plates were washed to removed 
unbound ant iper oxidase and peroxidase binding was 
measured as described in Example 2. Wells coated with 
the dextran-phenyl-NHS ester showed significantly 
higher binding of IgG, as shown by increased antigen 

15 (HRP) binding, as illustrated in Fig. 13, than 

untreated wells in a concentration dependent manner. 
This demonstrates that these conjugates are a suitable 
and convenient means for the introduction of reactive 
carboxyl groups to solid phases. 

20 Example 13 

Pr-t^ paT-ation and Application of F etuin-Hvdrazide 
and Dinitrophenvl-Petuin-Hv drazide Coniuoates 

Hydrophobic groups were introduced to f etuin 
(a glycoprotein) by reaction with 2,4- 

25 dinitrofluorobenzene. Fetuin was dissolved in 50 mM 
NaHCOj (pH 8.5) at 10 mg per ml and a 1/10 volume of 
0.54 M 2,4-dintrofluorobenzene in DMSO was added. 
After a 2 hour incubation at 25 the reaction halted 
by gel filtration in 50 mM acetate (pH 5.0) , which 

30 removed unreacted 2, 4 -dinitrofluorobenzene and 

exchanged the buffer. DNP-f etuin or untreated fetuin 
at the same concentration was then oxidized by adding 
a 1/10 volume of 100 mM NalO^ in acetate buffer and 
incubating for 1 hour at 25 'C in the dark. The 

35 reaction was halted by adding excess ethylene glycol 
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to c nsiune imreacted NalO^ and the oxidized proteins 
were isolated by gel filtration into acetate buffer* 
Dxry adipic acid dihydrazide was then added to the 
oxidized glycoproteins to give a final concentration 
5 of 100 3dqM and the mixtures were incubated for 16 hours 
at 25 -C; excess adipic acid dihydrazide was then 
removed by gel filtration into acetate buffer. 
Measurement of the absorbance at 365 nm indicates that 
there are 6 dinitrophenyl groups per f etuin molecule 
10 in the DNP-fetuin preparation. The overall synthesis 
routes are depicted in Fig. 14. 

Serial dilutions of the conjugates were 
prepared in 50 mM acetate buffer (pH 5.0) and applied 
to polystyrene microtiter plates at 100 fil per well. 
15 After a 30 minute incubation at 25*C the plates were 
rinsed 3 times, 5 minutes each, with deionized water 
(200 Ml per well) and 100 ^1 of either oxidized rabbit 
anti-peroxidase or vmtreated rabbit antiperoxidase (50 
fig per lal in acetate buffer, diluted 1/10 with 
20 nonspecific rabbit IgG) were applied to the wells. 
After a 1 hour incubation at 25 the plates were 
washed to remove unbound antiperoxidase and tested for 
peroxidase binding as described in Example 2. The 
results are reported in Fig. 15, wherein DNP-Fetuin- 
25 HZ: Ox = Dinitrophenyl-fetuin-hydrazide coated wells + 
oxidized IgG; Fetuin-HZ: Ox = Fetuin-hydrazide coated 
wells + oxidized IgG; DNP-Fetuin-HZ:M = Dinitrophenyl- 
fetuin-hydrazide coated wells + untreated IgG; and 
Fetuin-HZ: N == Fetuin-hydrazide coated wells + 
30 iintreated IgG. Both fetuin-hydrazide and DNP-fetuin- 
hydrazide enhanced the antigen binding capacity of 
wells treated with oxidized IgG; wells treated with 
unoxidized IgG had essentially the same antigen 
binding capacity as uncoated wells. This demonstrates 
35 that polypeptides and/or glycoconjugates are suitable 
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polym rs for the introduction of reactive groups to 
solid phases. Wells treated with the DNP-fetuin- 
hydrazide conjugate showed an approximately 5Q% 
greater antigen binding capacity than those treated 
5 with fetuin-hydrazide conjugate^ indicating that the 
addition of hydrophobic groups to this polymer 
enhances its binding to polystyrene. 
Example 14 

Preparation and Applicat ion of Monomeric 
10 Hydrophobe-Hvdrazide C onjugates 

Monomeric hydrophobe-hydrazide conjugates 
were prepared by dissolving or suspending 10 mg of n- 
octyl B-D-glucopyranoside^ octyl B-D- 
thioglucopyranoside, n-dodecyl B-D-glucopyranoside, or 
15 n-dodecyl B-D-maltoside in 1 ml of 50 mM acetate, pH 
5.0. Equimolar NalO^ was then added to each solution 
and the mixtures incubated for 1 hour at 25 in the 
dark, at which point a 2 fold molar excess of adipic 
acid dihydrazide was added. After an additional 4 
20 hours at 25*0 the pH of the reaction mixtures was 

adjusted to 10 with 10 N NaOH and they were incubated 
at 5*C for 16 hours to precipitate sodium para- 
periodate. The overall synthetic route is depicted in 
Fig. 16. 

25 Following centrifugation to remove 

precipitated sodium para -periodate > 100 /il of the 
supematants were serially diluted with 50 mM acetate 
(pH 5.0) in a polystyrene microtiter plate. After an 
1 hour incvibation with the conjugate at 25 •C the 

30 plates were rinsed for 5 minutes with deionized water 
and then 100 fil of oxidized rabbit antipe. oxidase 
(diluted 1:10 with oxidized nonspecific rabbit IgG, 50 
fi per ml in acetate buffer) was added to the wells. 
After a 16 hour incubation at S-^C, the plates were 

35 washed with 100 mM Tris containing 0.05% Tween-20 (pH 
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7.5) to remove unbound anti-peroxidase and tested for 
peroxidase binding activity as described in Exeunple 2. 
The results are illustrated in Fig. 17^ wherein 
Dodecyl-G = oxidized N-dodecyl B-D-glucopyranoside 
5 treated with adipic acid dihydrazide; dodecyl-M = 

oxidized N-dodecyl B-D-maltoside treated with adipic 
acid dihydrazide; octyl-G = oxidized N-octyl B-D- 
glucopyranoside treated with adipic acid dihydrazide; 
and octyl-thi-G = oxidized octyl B-D- 

10 thioglucopyranoside treated with adipic acid 
dihydrazide. Wells coated. with the monomeric 
hydrophobe-hydrazide conjugates showed significantly 
greater (approximately 6-7 fold increase) antigen 
binding than tintreated wells, as shown by peroxidase 

15 activity. This demonstrates that monomeric forms of 
the hydrophobe-reactive group conjugates are a 
convenient means for the introduction of reactive 
groups to solid phases. 

From the foregoing description, one skilled 

20 in the art can readily ascertain the essential 
chciracteristics of the invention and, without ' 
departing from the spirit and scope thereof, can adapt 
the invention to various usages and conditions. 
Changes in form and substitution of equivalents are 

25 contemplated as circumstcinces may suggest or render 
expedient, and although specific terms have been 
employed herein, they are intended in a descriptive 
sense and not for purposes of limitation. 
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WHAT IS CLAIMED IS: 



1 1. A composition of matter of general 

2 formula (r"-) ^ A (-X) 

3 wherein r" represents a hydrophobic moiety which 

4 develops substamtial nonspecific 

5 interactions with a hydrophobic solid phase 

6 material ; 

7 A is an organic spacer group; 

8 X represents a reactive group; and 

9 ^ " each of x and y is an integer from 1 to 
10 about 1300 • 

1 2. A composition of matter according to 

2 claim 1, wherein said reactive group is selected from 

3 the group consisting of hydrazide^ N-methylpyridyl , 

4 tresyl, aldehyde, haloacetyl, active esters of 

5 carboxylic acids, maleimido, imidate, epoxide, thiol, 

6 and dicarbonyl* 

1 3. A composition of matter according to 

2 claim 2, wherein said reactive group is a hydrazide. 

1 4. A composition of matter according to 

2 claim 2, wherein said reactive group is N- 

3 methylpyridyl . 

1 5. A composition of matter according to 

2 claim 1, wherein said organic spacer group is a 

3 polymer selected from the group consisting of 

4 dextrans, hydrolyzed polyacrylamides , polyacrylic 

5 acids, polyvinyl alcohols and polypeptides. 



1 6. A composition of matter according to 

2 claim 5, wherein said polymer is dextran. 
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1 7. A composition f matter according to 

2 claim 5, wherein said polymer is polyvinylalcohol . 

1 8. A composition of matter according to 

2 claim 5, wherein said polymer is a hydrolyzed 

3 polyacrylamide. 

1 9. A composition of matter according to 

2 claim 5, wherein said polymer is acrylic acid* 

1 10* A composition for use in assays of a 

2 tcirget molecule, comprising: 

3 a composition of matter in accordance with 

4 claim 1; 

5 a solid phase material associated with said 

6 hydrophobic groups; and 

7 a ligand attached to said composition by 

8 said reactive groups. 

1 11. A composition in accordance with claim 

2 10, wherein said ligand is a protein* 

1 12* A composition in accordance with claim 

2 11, wherein said protein is a glycoprotein. 

1 13. A composition in accordance with claim 

2 12, wherein said glycoprotein is an immvmoglobulin. 

1 14. A composition in accordance with claim 

2 10, wherein said solid phase material is a polystyrene 

3 microtiter plate. 
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1 15. A composition in accordance with claim 

2 10, wherein said solid phase material is a polystyrene 

3 bead. 

1 16. A composition in accordance with claim 

2 10, wherein said solid phase material is a 

3 polyethylene bead. 

^ . 17. A composition in accordance with claim 

2 10, wherein said composition of matter is a modified 

3 polymer selected from the 'group consisting of 

4 dextrans, hydrolyzed polyacrylamides , polyacrylic 

5 acids, polyvinyl alcohols and polypeptides. 
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